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Dietary calcium is well known to decrease gastrointestinal lead absorption and thereby reduce
the riskforlead poisoning. Because children ineconomicallydeprived urban centers are especial-
ly likely to have excessive lead exposure, we surveyed dietary calcium intakes of314 children
from the greater Newark, New Jersey, area. The areas ofNewark and adjacent communities
studied had beenpreviouslyidentified as containing significant sources ofenvironmental lead by
geographic information systems technology. An abbreviated National Cancer Institute Health
Habits and History Questionnaire, modified to focus on foods high in calcium, was used to
determine dietary calcium. Calcium intakes were then compared to the new Dietary Reference
Intake (DRI) guidelines. The respondents were primarily the parents ofAfrican-American and
Hispanic children ranging in age from 1 to 8 years, with a mean age of 3.5 years. The most
recent blood lead concentration was 11.4 * 0.8 pg/dL (mean ± standard error), and 48.6% had
concentrations at or above the current guideline of 10 p/dL. Quintiles ofcalcium intake were:
221 t 13; 488 * 9; 720 ± 6; 885 ± 6; and 1,389 ± 49 mg/day. Fifty-five of175 (31.4%) children
aged 1-3 years had calcium intakes belowthe DRI, as did 82 of139 (59.0%) children aged 4-8
years. The percentage ofmothers reporting lactose intolerance in their children was 2.5%. The
observation that the children in the highest quintile easily exceeded the DRIs for calcium sug-
gets that urbanparents who include dairyfoods in their childrens' meals canprovide a diet that
meets the DRI guidelines. Children in the lowest quintiles are at riskofincreased absorption of
the environmentall lead to which theyareinevitabl aiposed, aswell as otherproblems associated
with a low intake ofdietary calcium. The data suggest that both lead exposure and low dietary
calcium continue to pose significant health risks to urban minority children. Keywordk: African
American, calcium, children, diet, Hispanic, lead, urban. Environ Health Perspect
107:431-435(1999). [Online 21 April 1999]
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There is an abundance of evidence which
demonstrates that dietary calcium decreases
gastrointestinal lead absorption and thereby
reduces lead toxicity. This includes evidence
from studies with experimental animals and
humans (1-5). Millions of American chil-
dren continue to be exposed to excessive
amounts ofenvironmental lead from various
sources, primarily as the legacy of the past
widespread use of lead in gasoline and in
exterior and interior paints. As a result of
leaded paint use, an estimated 83% of all
U.S. houses built before 1978 still contain
potentially dangerous quantities of lead (6).
The risk is particularly high in the 27% of
U.S. housing units built before 1950 (6).
Such housing is not uniformly distributed
throughout the United States because older
housing with relatively high indoor paint
lead concentrations is particularly found in
older northeastern cities such as Baltimore,
Maryland; Boston, Massachusetts; New
York, New York; Philadelphia, Pennsylvania;
and Newark, NewJersey (6).
Our surveys of Newark children in the
1970s (7) demonstrated that the prevalence
of elevated blood lead concentrations and
lead poisoning was arguably the highest in
the country as a result oflead exposure from
interior paint. Much ofthe housing from the
1970s and earlier is still in use and therefore
remains a source ofexcessive lead exposure.
Young children 1-8 years old, particularly
1-3 years old, are at greatest risk ofdevelop-
ing lead poisoning (8). There are a number
of reasons for this, including their lower
bodyweights, enhanced gastrointestinal lead
absorption, greater hand-to-mouth activity,
and their greater susceptibility to the toxic
effects of lead than adults, particularly
effects on the central nervous system (9,10).
Lead-containing paint dust within
older homes is the main source of lead
exposure in children (11). This dust can be
inhaled or ingested as a result of normal
mouthing behaviors.
Recent studies suggest that such
mouthing behaviors are the key mechanism
for lead exposure in urban children (12).
However, absorption of lead via the gas-
trointestinal tract can be substantially
reduced ifthe diet is relatively high in calci-
um (5,13), as demonstrated in children up
to 2 years old by Ziegler et al. (4).
In August 1997, the Food and Nutrition
Board of the National Research Council
released new guidelines for the dietary intake
offive essential nutrients important for bone
health, including calcium (14). The dietary
reference intakes (DRIs) for calcium
replaced the version of the recommended
dietary allowances (RDAs) that had been
used as a guideline since 1989. Calcium
intakes for several age groups, including very
young children, were changed.
Although there are a number of studies
that report dietary calcium intakes in various
age and ethnic subgroups, few have focused
on young urban inner-city minority group
children. The objective of this study was to
compare the calcium intakes of urban chil-
dren at high risk ofexcessive lead exposure to
the new DRI recommendations for calcium.
Methods
The protocol for this study was approved by
the Institutional Review Board of the New
Jersey Medical School, and informed consent
was obtained from each participant. Subjects
were mothers and their children who were
consecutive attendees receiving routine med-
ical care at well-baby clinics or other commu-
nity-based pediatric clinics. All participants
were residents of the Newark, New Jersey,
area, including the contiguous communities
ofIrvington and East Orange. Most were res-
idents of sections of Newark and adjacent
communities previously identified as having
significant sources of environmental lead
using geographic information systems (GIS)
technology (15). In addition, the target area
has had a high incidence of pediatric lead
poisoning for at least 30 years (7).
Children's dietary calcium intakes were
assessed using a modified food frequency
instrument targeted at the major food con-
tributors of calcium. The instrument was
adapted from a pediatric version of the
National Cancer Institute/Block food fre-
quency questionnaire (16,17). It contained
14 items in which the parent was asked to
describe the portion size and frequency of
consumption of dairy foods and mixed
foods containing dairy products, e.g., maca-
roni and cheese and pizza. One question
asked about the presence of lactose intoler-
ance. Mothers typically required less than
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Figure 1. Quintiles of dietary calcium intake for 1-3-year-old urban children (n 175). The solid line is the
dietary reference intake for this age range (500 mg/day). Dotted lines are the medians for each quintile,
which are equal to the 10th, 30th, 50th, 70th and 90th percentiles. Some points overlap.
10 min to complete the questionnaire.
The validity ofthe instrument was tested
by administering it to a group ofparents of
18 preschoolers who participated in a
dietary intake study. The children attended
day care centers in metropolitan New
Jersey, where their food consumption was
observed and recorded by trained data col-
lectors for 2 weeks. Each evening, data col-
lectors phoned the children's parents to
obtain a 24-hr recall ofthe child's food and
beverage consumption before and after day
care and on the weekends. The resulting 14
days ofdietary intake data were analyzed for
calcium intake using The Food Processor
(version 3.0, ESHA Research, Salem, OR).
Calcium intake, as measured by the modi-
fied food frequency instrument, was com-
pared with the mean calcium intake from
the 14-day intake data using t-tests. No sig-
nificant differences between the two meth-
ods were found, and calcium intakes calcu-
lated by the two methods were in good
agreement (r= 0.61; p = 0.007).
Other information obtained included
family income and the most recent blood
lead concentration, which was obtained from
medical records available at the community
clinics. Assessment of relationships between
blood lead concentrations and dietary calci-
um was not an objective ofthe study because
the most recent blood lead concentration
had usually been determined months prior
to assessment of dietary calcium, and the
range for the half-life oflead in blood is only
about 36 + 5 days (18). In addition, blood
lead concentrations are especially labile in
children and respond rapidly to increases or
decreases in environmental lead exposure
and other factors (15).
Results
Of the 314 children studied, 277 (88.2%)
were members of African-American fami-
lies, 28 (8.9%) were Hispanic, and 6 (1.9%)
were members ofwhite non-Hispanic fami-
lies. The racial group was not identified for
three children (0.9%). The mean age + stan-
dard error (SE) was 3.5 ± 0.1 years. There
were 175 children aged 1-3 years and 139
children aged 4-8 years. The percentages of
males in the 1-3- and 4-8-year-old age
groups were 53.7% and 50.7%, respectively.
Quintiles ofcalcium intake for all children
studied (mean + SE) were 221 + 13; 488 + 9;
720 + 6; 885 + 6; and 1,389 ± 49 mg/day.
Figure 1 depicts quintiles of daily calcium
ingestion for the 1-3-year-old children, and
Figure 2 contains the same information for
the 4-8-year-old children. Quintile means of
calcium intake (+ SE) were 222 + 18; 491 +
13; 710 ± 8; 890 + 9; and 1,416 ± 65 mg/day
for the 1-3-year-old children and 234 + 21;
493 ± 14; 739 ± 9; 887 ± 10; and 1,367 + 78
mg/day for the 4-8-year-old children. These
data demonstrate that there are very substan-
tial differences in calcium intakes among
urban children and considerable percentages
with very low and very high intakes.
The mean ± SE calcium intake for 1-3-
year-old children was 746 + 34 mg/day. The
corresponding value for 4-8-year-old children
was 739 + 36 mg/day. Figure 3 provides the
percentages of 1-3- and 4-8-year-old chil-
dren with calcium intakes below their respec-
tive DRIs of500 and 800 mg/day. The per-
cent of4-8-year-old children not meeting
the DRI for calcium (59.0%) was signifi-
cantly (x2, p = 0.001) greater than the pro
portion of 1-3-year-old children below the
DRI (31.4%). The percentages of children
with very low calcium intakes of less thani
200 mg/day were 7.4% for the 1-3-year-old
and 7.2% for the 4-8-year-old childretn,
respectively (Figures 1 and 2).
Hispanic andAfrican-American children
in each age group had a similar incidence of
calcium intakes below the DRI (32.0 and
29.4% for 1-3-year-old, anid 60.5 and
63.6% for 4-8-year-old African-American
and Hispanic children, respectively). Atten-
dance at well-baby clinics did not appear to
influence calcium ingestion because percent-
ages below the DRI for 1-3-year-old chil-
dren attending well-baby clinics (37%) were
comparable to those attending other clinics
(29%). They were also comparable for 4-8-
year-old children attending well-baby clinics
(52%) versus other clinics (63%). The DRIs
set a tolerable upper level intake (UL) of
2,500 mg calcium/day for all age groups;
only one child in the current study exceeded
this value (Figure 2).
The medical records reviewed contained
blood lead concentrations for 144 of the
314 (45.9%) children studied. The mean
blood lead concentration was 1i1.4 ± 0.8
pg/dL with a range of 1.0-56.0 pg/dL.
Mean values + SE were 11.3 + 1.1 pg/dI
for 87 1-3-year-old children and 11.5 +
1.3pg/dL for 57 4-8-year-old children. The
percentage of children with concentrations
greater than or equal to the current guide-
line of 10 pg/dL was 48.6%.
Data on family income showed that 80%
had incomes less than $20,000/year, 19%
had incomes between $20,000 and $40,000
annually, and only 1% had incomes greater
than $40,000/year. Dietary calcium intakes
of children in the lower aild middlcl incolm
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Figure 2. Quintiles of dietary calcium intake for 4-8-year-old urban children (n =139). The solid line is the
dietary reference intake for this age range (800 mg/day). Dotted lines are the medians for each quintile,
which are equal to the 10th, 30th, 50th, 70th, and 90th percentiles. Some points overlap.
groups were 725 ± 27, and 763 ± 65 mg/day,
respectively, and blood lead concentrations
were 10.6 ± 0.9 and 12.5 ± 1.3 pg/dL,
respectively; these differences are not statisti-
cally significant (t-test, p > 0.05). The small
number ofchildren in the high income cate-
gory precludes calculation of meaningful
descriptive statistical data for this group.
Eight (2.5%) mothers reported lactose
intolerance in their children, 139 (44.3%)
indicated that their children were not lac-
tose intolerant, and 167 (53.2%) did not
know or did not respond to this question.
Mean calcium intakes of the eight lactose
intolerant children (569 ± 152 mg/day)
were substantially lower than those of the
139 not reporting lactose intolerance (770
+ 39 mg/day).
Discussion
Dietary calcium. The new DRI guidelines
for dietary calcium are provided in the form
of an adequate intake (AI), to be used as a
goal for individual intakes (14). For chil-
dren, AIs are 500 mg/day for 1-3-year-old
children and 800 mg/day for 4-8-year-old
children (14). High percentages of 1-3-
year-old (31%) and especially 4-8-year-old
(59%) children in this study had calcium
intakes below these targets. About 7% had
intakes of less than 200 mg calcium/day.
These are clearly inadequate levels that may
increase the risk of current and future dis-
ease, including lead poisoning.
In contrast, other children in the study,
especially those 1-3 years of age, easily met
the DRI for calcium. These results demon-
strate that a considerable percentage of
urban mothers include dairy and other
foods high in calcium in their children's
diets. The data suggest that efforts to
increase this percentage may well be suc-
cessful, based on the high intakes of some
urban children in the current study.
The higher percentage of 1-3-year-old
versus 4-8-year-old children meeting or
exceeding their respective Al is probably due
to the higher adequate intake recommended
for 4-8-year-old children. However, a recent
report, citing evidence from both animal and
human studies, suggested that as calcium
intakes increase up to or well above 1,500
mg/day, lead absorption decreases (5). The
DRI for 1-3-year-old children of500 mg/day
is lower than the RDA of 800 mg/day that it
replaced (20). The basis for setting the DRI
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Figure 3. Percentages of 1-3-year-old (n 175)
and 4-8-year-old (n = 139) children with dietary
calcium intakes below the respective dietary ref-
erence intakes (DRI) of 500 and 800 mg/day.
for 4-8-year-old children at 800 mg/day was
evidence that this intake is sufficient to sup-
port maximal calcium retention (14). The
lower DRI of 500 mg/day for 1-3-year-old
children is an extrapolation from data for4-8-
year-old children. However, 500 mg/day will
not protect against lead absorption and toxici-
ty as well as 800 mg/day (4,5). Thus, consid-
eration should be given to increasing the DRI
for 1-3-year-old children to the latter value,
especially since 1-3 years is the age group with
the highest incidence of lead poisoning and
the group for whom its adverse effects are
especially pronounced. For this and perhaps
other age groups, both lead exposure and opti-
mal skeletal development merit evaluation in
setting a DRI.
Mean calcium intakes of the 1-3-year-
old (746 mg/day) and 4-8-year-old (739
mg/day) children in the current study are
comparable to intakes of 750 mg/day for
1-2-year-old and 772 mg/day for 3-5-year-
old children reported in a large nationwide
survey (21). However, the range of dietary
calcium intakes found in young children
investigated in the current study is broader
than those typically found in other recent
studies (22-24). This may be due to differ-
ences in the composition ofthe target pop-
ulation in the various studies, or it could
also reflect as yet unidentified factors specif-
ic to the Newark area that would require
additional investigation. The broad range of
intakes suggests that there are no method-
ological biases producing systematic errors
that either overestimate or underestimate
dietary calcium in the sample studied.
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Although only 2.5% of the mothers
reported lactose intolerance in their chil-
dren, there were probably other children in
whom this condition was unrecognized.
Thus, lactose intolerance probably con-
tributed to low calcium intakes of some
study subjects; it is known to be more
prevalent in African Americans than in
other ethnic groups (25).
The mechanisms by which dietary calci-
um reduces gastrointestinal lead absorption
have been studied extensively in experimen-
tal animals and, to a lesser extent, in people,
and involve complex interactions among
lead, dietary calcium, intestinal calcium
bindingproteins, andvitamin D, specifically
1,25 dihydroxyvitamin D (13,26,22). These
interactions explain why relatively large
intakes ofcalcium are needed to reduce the
gastrointestinal absorption of much smaller
quantities oflead. Calcium may also provide
protection against lead by other mechanisms
because the toxic effects of lead are caused
in part by its interference with calcium-
mediated cellular functions (5,13,28-30).
It could be argued that providing calci-
um supplements to children would be a bet-
ter approach than trying to increase calcium
intake from food. However, diets that are
high in calcium-containing foods are also
rich in other important nutrients (31). In
addition, the data from the current study
demonstrate that a considerable percentage
of urban children will have high calcium
intakes from food, even in the absence of a
concerted community effort to promote an
increase in dietary calcium in this age group.
Thus, a public health program to increase
consumption of high-calcium foods by
urban children with currently low calcium
intakes may be rewarding. Nevertheless, the
use ofcalcium supplements can be an addi-
tional approach for increasing the dietary
intake of calcium by urban children. Some
calcium supplements have been found to
contain small amounts oflead, but identifi-
cation of this problem should result in its
resolution (32). Because dietary calcium as
food or supplements may interfere with iron
and zinc absorption (33,34), it will be
important to recommend adequate intakes
ofthese keymicronutrients.
Leadexposure. The major sources ofthe
lead to which young children are exposed
are soil, street dust, indoor air, and interior
lead-based paints (28). Regardless of the
original source, the proximate route ofexpo-
sure ofyoung children is via the ingestion of
lead-containing dust through hand-to-
mouth behaviors (12,28) to a greater extent
than inhalation ofthis dust. Thus, the abili-
ty of high dietary calcium to decrease gas-
trointestinal lead absorption can be a key
factor in protecting young children.
A particular concern with lead exposure
early in life is that it initiates the accumula-
tion ofskeletal leadwhich results in increas-
ing bone lead stores with age (35,36). A
recent study in rats of three different ages
has shown that lead exposure early in life
causes a greater retention of lead in the
skeleton and other organs than exposure
beginning only 5-10 weeks later (37). This
study also suggests that greater bone
turnover in young animals or children does
not deplete their bone lead stores. In
humans, increased skeletal lead stores have
been associated with a lower IQin children,
aggressive behavior in young boys, and ane-
mia, hypertension, and kidney disease in
adults (38-42). Patterson et al. (43)
demonstrated that skeletal lead stores of
present day humans are about 3 orders of
magnitude greater than those ofour prein-
dustrial ancestors. These data suggest the
importance ofreducing gastrointestinal lead
absorption early in life in order to minimize
the inevitable accumulation ofskeletal lead
with age. The best approach for doing this
is a combination ofminimizing lead expo-
sure and providing a diet with an adequate
to high calcium content.
Lanphear et al. (44) recently identified
community characteristics that are predic-
tive ofelevated blood lead concentrations in
children: residence within a city, black race,
lower housing value, housing built before
1950, higher population density, a higher
incidence of poverty, a lower percent of
high school graduates, and lower rates of
owner-occupied housing. Each of these
characteristics is a feature ofthe communi-
ties in which the participants in this study
live. In the current study, family income of
less than $20,000/year versus more than
this amount had little influence on blood
lead or dietary calcium. Relatively high
rents and the advanced age of the housing
stock in Newark may contribute to compa-
rable lead exposures in the income groups
studied. Nevertheless, children living in
communities with the above characteristics
may benefit most from a successful attempt
to increase theirdietarycalcium ingestion.
The children studied live in an area that
has been a consistent source of cases of
pediatric lead poisoning for at least 30 years
(7,15). In addition, about half had recent
blood lead concentrations >10 pg/dL.
Thus, it is very likely that there is current
excessive lead exposure in the population
studied. Young children typically have
higher blood lead concentrations than older
children, but mean blood lead concentra-
tions were similar for the 1-3- and 4-8-
year-old children studied. This may be due
tO the conducting ofblood lead analyses on
4-8-year-old children only when there is a
relatively high degree ofsuspicion ofexcessive
leadexposure.
Conclusion
In writing about lead poisoning, Bellinger
and Matthews (45) stated that
ifone were given the task ofdesigning a strategy
to maximize exposure ofan entire population to
aneurotoxicant, itwould be difficult to do better
than to put it in the material used to line most
interior surfaces ofdwellings (i.e., paint) and to
disperse it into the air and soil by emitting it
from the tailpipe ofa mobile-source whose reach
is virtually unlimited (i.e., the automobile).
They further argue that the use oflead-
enriched gasoline for six decades has con-
tributed very substantially to the enormous
reservoir oflead that is currently present in
urban soils. These facts make it inevitable
that young urban children will be exposed
to lead, often in considerable amounts,
which they will ingest during their normal
daily activities. An emphasis on increasing
their dietary calcium intake will help reduce
the morbidity due to the exposure ofurban
and other children to environmental lead.
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